Abstract: This paper presents a comparison of three methods used to load rate the Powder Mill Bridge based on the load and resistance factor rating (LRFR) approach. This is a typical three-span continuous bridge with steel girders in composite action with the RC bridge deck. The three methods are as follows: (1) employing the conventional design office load rating technique using a simplified line girder analysis, (2) using strain measurements from a diagnostic load test to adjust the design office rating to account for in-situ bridge behavior, and (3) using a finite-element (FE) model of the bridge, which accounts for three-dimensional (3D) structural system behavior. Advantages and disadvantages of each method are related to speed, ease of use, reviewability, cost, accuracy, and type of use intended. Similarities and differences in utilizing these three methods are discussed. The advanced load rating methods are shown to produce higher ratings in comparison with the conventional approach.
Introduction
According to the ASCE, the average highway bridge was 42 years old in 2013, approaching the 50-year design life typical of most bridges (ASCE 2013) . In 2008, AASHTO reported that truck miles traveled over bridges had nearly doubled over the previous 20 years and were expected to continue growing steadily (AASHTO 2008) . Freight volumes were also projected to double by 2025. In addition, approximately 13% of the nation's bridges were rated as structurally deficient, while approximately 12% were considered functionally obsolete (AASHTO 2008) . In the AASHTO publication Bridging the Gap, the researchers observe that "While 50 years ago the nation faced an historic period of bridge construction, today it faces an historic period of bridge repair and reconstruction" (AASHTO 2008) .
The I-35 W Bridge's tragic collapse in Minneapolis, Minnesota, on August 1, 2007 spurred renewed interest and urgency for ensuring the safety of the nation's bridges. In 2008, the Federal Highway Administration (FHWA) initiated the Long Term Bridge Performance (LTBP) program to improve understanding of bridge performance and promote the safety and reliability of the nation's bridges (FHWA 2011) . The FHWA also estimated that a capital investment of $12.8 billion was required annually to maintain current bridge conditions in 2008 (FHWA 2010) . To improve the condition and performance of these bridges, an estimated annual investment of $20.5 billion was necessary. This gap in funding makes the evaluation of bridge performance a significant issue. A white paper issued by the Structural Engineering Institute (SEI), in conjunction with ASCE and AASHTO, emphasized the importance of obtaining accurate load ratings and the critical role of new technologies supplementary to visual inspection (ASCE 2009 ). Improvements in evaluation may lead to more efficient allocation of limited resources.
Bridges are required to be visually inspected every 2 years (FHWA 2012) . Each bridge component is assigned a numerical condition rating between 0 and 9, with a component rating 4 or lower classified as structurally deficient. Moore et al. (2001) investigated the variability in visual inspections by comparing evaluations performed on the same bridges by 49 different inspectors. The study found that on average, each element was assigned four to five different condition rating values, highlighting the difficulty in obtaining objective visual evaluations.
In addition to inspections, bridge owners may specify load ratings to evaluate bridge performance (AASHTO 2011) . The process for load rating includes a more detailed inspection and a calculation of the live load capacity of a bridge. Results of the load rating inspection are used for member capacity analyses to determine the safe live load capacity of the bridge. When the capacity of a bridge is found to be less than is required, the bridge can be posted with limitations for the maximum truck load to restrict vehicles that cannot be safely carried. The results of load ratings impact decisions regarding allocation of funds for bridge rehabilitation and replacement. Thus, accurate load ratings are critical for effective bridge management.
The conventional method for bridge load rating uses twodimensional (2D), girder-by-girder analysis, and is the standard practice in bridge engineering. In this method, components of a bridge are isolated and analyzed for the maximum demands, not accounting for the in-situ three-dimensional (3D) system behavior of the bridge. Though the resulting load ratings are conservative, they do not accurately model the true behavior of the bridge. Accounting for factors such as deck continuity, diaphragms, and parapet stiffness is more representative of the 3D system load transfer.
Strain data collected on an instrumented bridge during a diagnostic load test can be used to account for 3D system behavior, unlike the analysis performed using the conventional approach. A finiteelement (FE) model of a bridge, created based on experience and engineering judgment, can also be used to calculate a load rating. This paper will explore the use of these advanced load rating techniques in comparison with the conventional method.
Substantial research has been conducted in the fields of load rating, nondestructive testing (NDT), and finite-element model calibration. Breña et al. (2013) evaluated a damaged bridge by nondestructive testing methods, using the data collected to identify alternate load distribution paths caused by girder damage. Schiebel et al. (2002) monitored the repair of three posted bridges and used diagnostic load testing to confirm the expected additional capacity after rehabilitation. This data was ultimately used in recommending the load posting be removed (Schiebel et al. 2002) . Chajes et al. (1997) used NDT to investigate the unintended composite action of a posted bridge, concluding that the load rating could be increased based on the load test data. Yost et al. (2005) used strain data collected from nondestructive load testing to calibrate a finiteelement model. It was observed that load ratings calculated using the FE model were higher than those calculated using the conventional method (Yost et al. 2005) . The conservatism of the AASHTO load and resistance factor design (LRFD) distribution factors has been previously documented (Catbas et al. 2012; Yousif and Hindi 2007; Barr et al. 2001; Yost et al. 2005) . Catbas et al. (2001) load rated a RC T-beam bridge for an HS-20 truck by load factor rating (LFR) using a variety of methods. The paper discussed the use of fleet health monitoring using a statistically representative sample of bridges to characterize an overall population. DeWolf (2009) 
Powder Mill Bridge
The Powder Mill Bridge (PMB) is a three-span continuous composite concrete slab on steel girder bridge over the Ware River through Vernon Avenue in Barre, Massachusetts, shown in Fig. 1 . Owned by the Town of Barre, the PMB was designed by Fay, Spofford, and Thorndike (FST) in 2004 for a HS-25 loading using allowable stress design (ASD). It was fully instrumented by a research team supported by a National Science Foundation (NSF) grant during its construction by ET&L Corporation in 2009. The bridge is 47-m (154.2-ft) long, with a center span of 23.5 m (77.1 ft) and ends spans 11.75 m (38.6 ft) in length. The bridge is nonskewed and carries two lanes of traffic and a sidewalk. The deck is 200-mm (0.66-ft) thick and is supported by six steel girders, spaced at 2.25 m (7.38 ft) with 732.5-mm (2.4-ft) overhangs. The exterior girders are W920 × 345 (W36 × 232) and the interior girders are W920 × 238 (W36 × 160). Per design code requirements, the exterior girders were designed using larger sections to accommodate potential future widening of the bridge. Sanayei et al. (2012) and Phelps (2010) provides additional information regarding the FE model. Though the PMB is in a relatively rural location, its close proximity to the Barre-Martone regional landfill and recycling center ensures that it carries frequent heavy truck traffic, helping to make the bridge ideal for research.
The PMB was instrumented as part of a National Science Foundation Partnerships for Innovation (PFI) project entitled, "Whatever Happened to Long Term Bridge Design?" All instrumentation was installed during construction, and consists of 100 strain gauges, 36 steel temperature sensors, 30 embedded concrete temperature sensors, 16 uniaxial accelerometers, 16 biaxial tiltmeters, and two pressure plates (Sanayei et al. 2012) . Strain gauge measurements were used to load rate the PMB. During instrumentation, strain gauges were placed on each span as close as possible to maximum moment locations at the midspan and piers. In the negative moment zone, a nominal distance was kept between the strain gauges and the bearing pads to prevent reading of local stress concentrations. All sensors were connected to a data acquisition system located underneath the deck near the south abutment, shown in Fig. 2 .
Bridge Load Rating
Load rating is used to quantify the live load capacity of a bridge. A rating of 1.0 or higher means the bridge can safely carry the vehicle it was rated for. Each structural component is rated individually, with the lowest individual component rating controlling the overall load rating of the bridge. There are two different levels of load rating, as follows: (1) inventory, and (2) operating. The inventory rating level represents the routine live load capacity that the bridge can support over an indefinite period of time. The operating rating level describes the live load capacity for less-frequent vehicles, and is commonly used to determine the maximum permissible live load.
AASHTO (2011) outlines three methods for load rating, as follows: (1) allowable stress rating (ASR), (2) load factor rating, and (3) load and resistance factor rating. Federal Highway Administration policy requires bridges designed by ASD to be rated by either LFR or LRFR. This policy also mandates that all bridges designed after October 1, 2007, use LRFD specifications, part of the national trend in the direction of LRFR (FHWA 2006) . For this reason, LRFR was deemed appropriate for the research reported in this paper and was used for all three methods of load rating.
The LRFR method is calibrated for the HL-93 live loading. Bridges rated for HL-93 use the governing condition of three load cases, as follows: (1) design truck with design lane load, (2) design tandem with design lane load, or (3) 90% of two design trucks with design lane load for the negative moment region. Load Case 1 controlled the PMB rating. When the HL-93 rating for a bridge falls below 1.0, the bridge is rated for a suite of legal truck configurations, representing the maximum loads allowed on the bridge. AASHTO has three legal truck loadings, and states often have additional legal loads that are more representative of vehicles in their regions. The HL-93 loading acts as an envelope for all AASHTO legal trucks and all legal truck configurations that fall within exclusion limits outlined by AASHTO design specifications (AASHTO 2010). Thus, bridges with sufficient HL-93 ratings have adequate capacity for all AASHTO legal loads and all state legal loads within exclusion limits (AASHTO 2011).
The first load rating approach examined in this paper is the conventional design office load rating using a simplified line girder analysis. In practice, this is often automated using Virtis, a program developed by AASHTOWare. The second approach modifies the conventional rating method using NDT data, capturing the in-situ behavior of the bridge under loading. The third method uses a 3D FE model, carefully modeled by an experienced bridge engineer, to more accurately represent the true behavior of the bridge. The developers of Virtis recently included 3D finite-element analysis (FEA) in the bridge load rating feature of the product, highlighting the trend towards more advanced load rating methods (AASHTO 2012) .
The basis for the difference in load rating methods is the live load distribution factor, which dictates the transverse distribution of the load to the bridge girders. Approximate live load distribution factors have been used in traditional bridge analysis and design as a way of enveloping maximum impacts on individual structural components. By conservatively distributing live loads to individual girders, a simplified 2D line girder analysis can be performed. The traditional method uses a conservative approach for live load distribution as outlined by AASHTO (2010) . For the PMB moment load rating, the conventional approach applies 54% of the HL-93 loading to each of the two exterior girders and 63% to each of the four interior girders. These distribution factors do not account for system behavior. In reality, the girders share the load more than these factors predict. The FE model more closely models the actual distribution of the live loads, resulting in a load rating that is more representative of the actual structural system behavior.
Conventional Load Rating Method
The LRFR load rating equation for rating factor (RF) is given as (AASHTO 2011)
where C = capacity of the member; DC = dead load due to structural components and attachments; and γ DC is the DC load factor, equal to 1.25. The variable DW accounts for the wearing surface and utility dead loads; these have more uncertainty, resulting in the load factor γ DW to be assigned a value of 1.5. If the wearing surface is field verified, γ DW is 1.25. The live load (LL) is multiplied by an impact factor (IM) of 1.33 to account for the dynamic load effect of the truck. The live load is further increased by γ LL , equal to 1.75 for the inventory rating and 1.35 for the operating rating. The PMB is a three-span continuous bridge, requiring rating factors to be calculated in the positive and negative bending moment regions. The negative region controlled the rating. For this reason, only ratings for the negative region are presented. In Massachusetts, a 60:40 exterior-to-interior girder distribution is allowed to be used for sidewalk, safety curb, and rail superimposed dead loads [Massachusetts Department of Transportations (MassDOT) 2007]. The wearing surface was distributed uniformly across all girders (MassDOT 2007) . The PMB carries a water utility pipe between Girders 4 and 5 that was conservatively assumed to be full. This load was distributed evenly between the adjacent girders. To keep consistent with assumptions commonly made in design offices, the unit weight of the concrete was assumed to be 23.6 kN=m 3 (150 lb=ft 3 ). The depth of the haunch was conservatively neglected in section property calculations due to its variability (MassDOT 2008) . The concrete in the negative bending region was assumed to be cracked under governing loads, and so the capacity calculation included the stiffness of rebars in the negative region but not the concrete. The exterior girders were expected to rate higher than the interior girders due to the higher steel section modulus and smaller live load distribution factor. The rating factors bar chart for the conventional load rating method is shown in the "Discussion of Rating Factors" section.
Conventional Load Rating Modified by Nondestructive Testing
The second load rating was performed using diagnostic NDT data to improve the conventional rating. Diagnostic load tests can be performed to monitor a bridge's response to known loading conditions. If linear-elastic behavior is exhibited during the load test, the results can be used for model calibration and load rating (AASHTO 2011). During a load test, the response of a bridge is monitored and compared with the analytical response. In most cases, the live load strains measured during the load test are smaller than expected due to increased live load distribution previously unaccounted for. Since the NDT rating is based on the structure's response to loading, it can be considered a more accurate load rating reflecting the actual capacity of the bridge at the time of testing.
A diagnostic load test was conducted at the PMB on September 25, 2011, the results of which were used for the load rating presented in this paper. No deterioration was observed on the bridge prior to the load test. The National Cooperative Highway Research Program (NCHRP) provides direction for load rating by nondestructive testing, and was used as the basis for these calculations (NCHRP 1998 12 kip) , respectively. The distances between Axles 1-2 and 2-3 were 5.08 m (16.67 ft) and 1.40 m (4.59 ft), respectively. Ideally, a legal load vehicle is used for the load test; however, the NCHRP acknowledges that these are seldom available (NCHRP 1998) . In order to validate the NDT rating, the test truck must be heavy enough to sufficiently stress each girder. Fig. 3 shows the load paths used to extract the maximum girder response. Girders 1-5 were rated using the NDT data. Due to the location of the sidewalk, Girder 6 was not able to be stressed enough to validate an NDT rating.
Eq. (2) was used to calculate the load rating based on NDT data (AASHTO 2011)
where RF T = adjusted load rating based on NDT data; RF C = rating calculated using the conventional method; and K = adjustment factor used to scale the conventional rating based on measured behavior. When K is greater than 1.0, the NDT rating is higher than the conventional rating. When K is less than 1.0, the NDT rating shows less capacity than the conventional calculation, and is scaled down. The adjustment factor K is used to describe the benefit derived from the load test. It is defined as (AASHTO 2011)
where K a accounts for the difference between expected and measured load test strains; and K b accounts for the understanding of the results. The K a term considers both theoretical and measured strains, while K b considers only theoretical results. The K a term is based on the ratio between the theoretical strain and measured strain, defined as (AASHTO 2011)
where ε T = maximum member strain during the load test, and ε C = theoretical member strain when the theoretical test truck is in the same position as the load test truck. The calculation of the theoretical strain also requires the calculation of distribution factors for the load test truck on each girder. The purpose is to determine the anticipated strain based on the actual stress caused by the test truck on each girder. The NCHRP recommends calculating distribution factors based on the lever rule (NCHRP 1998). The lever rule calculates the static summation of moments about one point in order to determine the reaction at a second point (AASHTO 2010) . This method simplifies the load distribution by treating the deck as simply supported in the transverse direction, allowing only girders directly adjacent to the load to participate in the load sharing. The lever rule predicted a distribution factor of 0.58 for the interior girders, which were fully stressed. The AASHTO distribution factor for an interior girder with one lane loaded, however, was 0.47. This resulted in a significantly smaller theoretical strain, and consequently a more conservative load rating. Since the conventional calculation was performed using AASHTO live load distribution factors, the NDT rating should use consistent distribution factors. For this reason, the NDT rating for the interior girders was performed using AASHTO distribution factors rather than the lever rule. Since the exterior girders were not fully stressed, the lever rule was used to compute exterior girder distribution factors to estimate the proportion of the load carried by the girders. The improved rating factors for Girders 1-5 were calculated using the NDT data and Eqs. (2)-(4). The lever rule computed a small distribution factor for Girder 6 due to the location of the sidewalk that prevents placing a truck path closer to Girder 6. This resulted in a low theoretical strain and prevented the Girder 6 rating from being improved. The distribution factors used in the NDT rating are presented in Table 1 .
In Eq. (3), the K b term is a factor between 0 and 1 representing the level of confidence in the load test results. This is determined by considering the ratio of the theoretical moment produced by the load test truck, T, and the theoretical moment plus impact due to the rating truck, W. The goal is to compare the magnitude of the test load to the rating load to ensure that the behavior can be extrapolated. A K b value of 0.8 is assigned for T=W ratios greater than 0.4; a value of 1.0 is given for T=W ratios higher than 0.7 (AASHTO 2011).
Strain gauges are typically installed near the location of the maximum moment in the girder. The strain gauges on the PMB are positioned approximately 1 m (3.28 ft) from the location of the maximum positive bending moment. In order to compute K a , the difference between the theoretical and measured strains must be calculated relative to one location. The measured strain was compared with the theoretical strain at the same location as the strain gauge, allowing an appropriate comparison. Because the K-values are primarily a result of increased lateral distribution of the live load, the K-values were not expected to vary greatly along the length of the bridge. Furthermore, the computation of the ultimate negative moment capacity is based on a fully cracked concrete section and is therefore conservative. As a simplifying assumption, the K value at midspan was used for all calculations.
The results of the NDT load rating are shown in Table 2 . For the PMB, the difference between the actual and theoretical strains allowed the load rating to be increased for Girders 1-5. Girder 6 was not stressed enough to satisfy the K b criteria; therefore, it retained the conventional rating.
The rating factors bar chart for the conventional load rating method modified by nondestructive testing is shown in the "Discussion of Rating Factors" section.
Load Rating Using a Finite-Element Model
A FE model can be used to capture the 3D structural system behavior of the bridge. A FE model of the PMB, shown in Fig. 4 , was created at Tufts University (Sanayei et al. 2012) . The girders are modeled using four-node shell elements and ASTM A992 (AISC 2011) Grade 50 steel. The deck is modeled using eight-node solid elements. The bridge is supported by steel-reinforced elastomeric neoprene bearing pads; these were modeled using springs with axial, shear, and rotational stiffnesses calculated to represent the support behavior. The uncalibrated model was shown to predict strains slightly higher than the Year 2011 load test data, detailed in Sanayei et al. (2012) . The subsequent modifications were performed by Sanayei et al. (2012) to manually calibrate the model to match the Year 2011 load test data. The first modification was to update the concrete strength from the design value of 30 MPa (4.35 ksi) to 33.6 MPa (4.87 ksi) to reflect cylinder break test data. The second modification was to include the parapets stiffness in the model to more accurately capture the overall stiffness of the bridge. The final modification was the reduction of concrete stiffness in the negative bending region to reflect cracking of the concrete, as described previously. It was assumed that 20% of the span was in negative bending (10% at each end). The theoretical E c was reduced in these regions from 27,400 MPa (3,974 ksi) to 18,000 MPa (2,611 ksi). The previous modifications resulted in a calibrated FE model that produced analytical strains output closely matching the measured strains collected during the load test. Additional information on the FE model calibration is presented in Phelps (2010) . Load test data can be very useful for confirming the accuracy of a FE model. The NDT data is often not available due to the complexities of instrumentation, arranging a load test, the experience of the engineering team, costs, and other factors. For the research reported in this paper, strain data was available and was used to confirm the manual calibration of the PMB FE model (Sanayei et al. 2012) .
AASHTO dictates the number of loaded lanes to be the integer portion of w=12, where w is the curb-to-curb width, in feet (AASHTO 2010) . This width on the PMB is 10 m (32.8 ft), which would result in two lanes of traffic for the purpose of calculation. The width of the roadway without the sidewalk, however, is 11.8 m (38.7 ft), which would require three loaded lanes. In order to rate for the worst-case scenario, it was deemed appropriate to consider the situations of either of the following: (1) removal of sidewalk and addition of third travel lane, or (2) traffic travelling or parking on the sidewalk in an emergency situation. Due to these scenarios, the PMB was load rated for three lanes of traffic.
To calculate the rating, four different model runs were considered, as follows: (1) DC-1, structural components and attachments dead load prior to concrete curing; (2) DC-2, structural components and attachments dead load after concrete curing; (3) DW, wearing surface and utility dead load; and (4) live load. The DC-1 loading consisted of the girders, diaphragms, deck, and haunch. This load case considered the concrete to be wet, thus the beams acted noncompositely. The DC-2 loads included the sidewalk, rails, and safety curb; these components were added after the deck cured, allowing composite action to be considered. Section cuts were used to output the maximum moment at the south pier for each load case. The rating factors bar chart for the load rating using the finiteelement model is shown in the next section. Fig. 5 shows a summary of the load ratings calculated using the three methods. As anticipated, the advanced methods resulted in higher load ratings than those computed by the conventional method. These advanced methods captured the system behavior, resulting in a rating more representative of actual structural behavior.
Discussion of Rating Factors
The conventional method produced higher ratings for the exterior girders than the interior girders. This was due to the higher section modulus of the exterior girders as well as the smaller live load distribution factor. The slight differences in the interior girder load ratings were due to the water main, located between Girders 4 and 5. Though at times overly conservative, the traditional rating method has the benefit of being the standard practice of bridge engineers. It is worthwhile to explore advanced methods for more objective load rating in order to better prioritize retrofit and replacement strategies for deteriorated bridges.
The NDT rating used measured strains to enhance the conventional ratings for Girders 1-5. The difference in the NDT ratings for the interior girders was due to small variations in recorded strains. The rating for Girder 6 was not able to be improved using the NDT data since it was not sufficiently stressed during the load test. The reserve capacity observed is a result of wider live load distributions due to redundant load paths. The FE model more directly models 3D system behavior in the analysis phase. The FE model was able to calculate load ratings for all six girders. The disparity between the Girder 1 and 6 FE model ratings was attributed to the sidewalk dead load carried by Girder 6.
Overall, advanced load rating methods provided closer representation of the actual bridge behavior, and yielded similar results. The conventional method produced conservative ratings based on enveloped maximum live loads. These ratings were enhanced by the NDT method, which used measured strain data to capture the in-situ bridge behavior. The NDT method was limited, however, by the position of the sidewalk, preventing the validation of a rating for Girder 6. The NDT method requires the closure of a bridge, which can be impractical in some cases. The advantage, however, is the relative simplicity of a load test performed by an experienced testing engineer versus the creation of a detailed FE model by an engineer experienced in finite-element modeling. Load rating using the FE model provided freedom from geometric constraints, allowing all six girders to be rated. Both advanced methods exhibited reserve capacity that was the result of wider live load distributions due to redundant load paths. The calibrated FE model can be used to study various retrofit scenarios that are highly valuable in repair, retrofit, and widening of bridges during the life of the bridge.
This evaluation, consistent with other studies, suggests that more sophisticated methods can be employed to demonstrate additional structural capacity in bridge structures. This additional capacity can potentially be utilized for evaluation of deteriorated bridges. When bridges are on the verge of needing repair, it would be worthwhile to consider an advanced load rating method as a means of prioritizing repair, retrofit, and replacement strategies. However, although additional live load capacity may be present, relying on it is not always justified. The final decision lies with the bridge owner and state officials, who must use careful judgment in determining how much reserve capacity to utilize.
The first approach for bridge evaluations is visual inspection. Other local and global bridge testing methods are complementary to bridge visual inspection. In some instances, field observations are not sufficient, whether due to areas that are unreachable, unreliable observations, or damage. In these cases a load test may be justified. At the same time, data acquisition using sensors continues to become more economical and easier to use. The cost of retrofit/ replacement continues to grow and is extremely high compared with the cost of 1 day of testing and analysis. In the writers' view, the demand for bridge nondestructive testing and evaluation will continue to increase with time in order to provide objective evaluation of existing bridges.
Conclusions
A comparison of load ratings was completed for the Powder Mill Bridge, a fully instrumented bridge located in Barre, Massachusetts. Load rating calculations were performed by the LRFR method using three different approaches, as follows: (1) conventional design office rating, (2) conventional rating updated by NDT data, and (3) rating using a FE model manually calibrated using NDT data. The conventional method was performed using a simplified line girder-by-girder analysis that conservatively approximated the maximum loading condition. The conventional design office rating is fast, easy to use, reviewable, inexpensive, and conservative. The advanced methods sought to improve upon this by considering the 3D behavior of the system. The NDT rating compared theoretical strains with measured strains and scaled the conventional rating based on this difference. The NDT for load rating is reviewable and easy to implement, but requires more time for testing and data processing and involves additional costs for testing. A 3D FE model also demonstrated the reserve capacity of the bridge. A 3D FE model requires additional time, modeling experience, and a more involved review, but can be more accurate. Selection of the advanced method for load rating depends on the level and type of expertise of the bridge engineer as well as the availability of NDT equipment and/or FEA packages.
Reserve capacity is the result of more accurate live load and superimposed dead load distributions due to redundant load paths. Accurate assessment of load distribution factors is the key to a good bridge load rating. Conventional bridge analysis and design methods are conservative, resulting in a reserved bridge load carrying capacity. Considering this reserve capacity during structural evaluation could help to avoid load posting the bridge or, in the worst case, requiring full replacement when more economical retrofits may be sufficient. Therefore, structural evaluation using more sophisticated modeling or NDT can provide bridge owners additional time, flexibility, and potentially better apportionment of resources when dealing with aging bridges.
